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About Knight & Carver Wind

Corporate Headquarter: National City, CA.

Blade Factories in National City, CA and Howard, SD.
Largest Blade Service Company in North America.
[SO Registration & GL Shop Certification.

Award Winning R&D Project with DOE/Sandia development of
Sweep Twist Adaptive Rotor (STAR").

License Agreement w/ Euros (Germany).
Emphasis:
« Safety.

« Professionalism. ‘m Etng;?tzi:t?;: o
Experience. 357728l Standardization

Craftsmanship.
Value.
Integrity .

OPERATING 24/7
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ind Turbine Services Overview

Hydraulic System Yaw System

1% 7% Structural
B, Parts/Housing

) 4%

Drive Train
2%

Mechanical
Break

5%
Gear Box /
5%

Rotor Hub
6%

J Rotor Blades

Electronic
Control Unit
16%

Electrical System
27%

Sensors
9%,

Source: DOE “20% Wind Energy by 2030” report
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Total Field Service Rotor Blade Market

$140,000,000

$120,000,000

$100,000,000

$80,000,000

$60,000,000

$40,000,000

$20,000,000
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Preventative Maintenance
® Unscheduled Repair
Lightning Repair
® Inspec. Installation
= Inspection - Installation
® Inspec. Shipping Dam
m [nspection - shipping Dam.
® Work from EOW
® Inspection (EOW)
m Latent Defect
® Warranty

Source: KCWG forecast based on AWEA data
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Blade Repair Bell Curve

Repair costs



Power Module

35.0%
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30.0%

Pitch System
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% Failure Rate [failures / turbine / year]
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Percentage contribution to overall failure rate
Data source: turbines from multiple manufacturers

Source: Garrad Hassan

Gearbox

Structural Module

Auxiliary
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Practical foolbox for O&M 14
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Wind Turbine Down Time

ReliaWind Results — Downtime
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Source: Garrad Hassan | Data source: turbines from multiple manufacturers A

Practical toolbox for O&M 15
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Most Important Maintenance Action:

Observe blades!
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Most Important Maintenance Actions:

Stop, look & listen.

Binoculars.

Inspections from suspended platform/crane basket.
Camera with telephoto lens.

Most problems will be evident from the exterior!

Sagfety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity
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Photo from Pickup Truck (400mm lens)




Source: Knight & Carver

Source: Knight & Carver
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A Different Suspended Platform..

Source: Knight & Carver ®
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Source: Knight & Carver ®
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| Source: Knight & Carver

g ; : s v Al ..,u ‘ . é@

3

SWP —



— \ —

e ——— ',_,/
/ IIIITF ——

Common Blade Problems

Transportation & Construction.
Lightning.
Leading edge erosion.

Debonding (At Spar or Trailing & Leading
edges).

Dynamic and Aerodynamic Imbalance.

Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é@)



Transportation Damage

Blades are built far from the sites...

Source: Knight & Carver

Trucking blades.

Source: Knight & Carver

Typical shipping damage.
Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é
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Source: Knight & Carver
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Leading Edge Erosion

Source: Knight & Carver
Safety - Professconaliom - Experience - Craftomanstict - Value - Tntegrity /é



l Source:

rce: Knight & Carver ®
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..Or Bond Line too Thick.
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Rotor Imbalance

Mass Imbalance

e Moment varies due to uneven blade
masses or distribution.

e Hub imbalance or flange errors.

e Bent shaft.

 Blades have absorbed oil or water.
* [cing.

Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é



Permanent
balancing
masses.

Install
Determine balancing

trial mass and masses.
measure its y v Repeat

Inspection
run.

affect. diagnostic

run.




- RN P Iy iAot E——

s TP AP PTPTY: —_—

/

Aerodynamic Imbalance

Blades are producing varying power.
e Uneven blade profiles

» Built wrong
» Repairs
» Erosion.

e Pitch angle varies from blade to blade.

e Coning angle errors.

Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é






For Existing Wind Turbines ...A Service Plan!
Objectives:
Increase productivity.

Increase availability.
Minimize downtime.

Reduce/eliminate large repairs and replacements.

Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é@)



KCWG Technology
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STAR® Technology

* Planform sweep induces twist.
» Blade twist sheds loads.

* Load reduction allows for a larger rotor which captures
more energy.

* Load reduction allows for lighter components.

* Static, fatigue and field tests confirmed model
predictions.

* Field tests confirmed 12% + energy capture gain with
loads comparable to baseline.

Sagfety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity é
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Standard Blade VS. STAR® Design
48m blade

54m blade

__—//Z/\\ —

STAR of the Show.mov
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WIND GROUP

Source: Knight & Carver

Knight & Carver Wind Group®
Gary Kanaby

2423 Hoover Avenue

National City, CA 91950

B (619)-791-1050 x 111

F (619)-791-1080
gkanaby@kcwind.com
www.kewind.com Source: Knight & Carver

S lery - Daalossiauntiin - Eiporience ~ Crafrsmanshiop ~ Talie - Tutegnicy




\
|
/’/
\\

@

i""
\
7

-  au F . 2\ E - ' 7 Y
y 4 T - Yy wm | m -~ |/ 4
7 | i . el F W W& .
/ ~ 7 F \i 1 v

O [T

5 (
=
Qi
A
C -
U -

Rotor Blade Maintenance

Presented by Gary Kanaby

20 July 2010

.4":]"!\@

Sagfety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity



Appendix

- Inspection Techniques.

« STAR® Technology.
* Press Kit.
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Source: Knight & Carver
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5/20/05 11:39:54 AM 40 - +250 e=0.96 5/20/05 11:36:12 AW 40 - +250 =0, 96

s | y
Source: Kn ight & Carver

Source: Knight & Carver
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Source: Knight & Carver
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Source: Knight & Carver
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Source: Knight & Carver
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Source: Knight & Carver

Digital Low Resistance Ohmmeter Test each receptor
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Sweep Twist Adaptive Rotor® Technology

KCWG realized that a wind turbine can collect more
energy and be more productive if the rotor size can be
increased.

[f a rotor size is increased, the loads are increased
which limits rotor size.

The STAR" technology allows the use of a larger rotor
without increasing the loads.

This was validated when KCWG’s 54m STAR" rotor
replaced a 48m rotor without increasing loads while
increasing energy capture by 19% over 18 months.

Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é
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STAR Blade” Workings

The design reduces loads at the root of the blade by twisting.
The shape (planform) of the blade causes the blade to twist.

When the blade twists, the blade tip has a different angle of
attack than the rest of the blade.

The effective area of the blade that produces the power has
been reduced.

The value is that either the blade can now be longer without
increased loads on the turbine or the blades remain the same
length and other components of the machine can be built less
robust (less costly).

A combination approach could be that the blades are slightly
longer with increased reliability for the machine which now is

@ absorbing less loads.
blade.exe  Safety - Prafescconaliom - Experience - Craftomanstipy - Value - Tntegrity /é®



LWST (Low Wind Speed Turbine Project)

KCWG competed for a DOE RFP in 2004 to provide solutions for
turbines in low wind speed regimes.

Administered through Sandia National Laboratories, Alb, NM.
Total project cost $2.8m with .8m in KCWG cost share.

Engineering design studies showed reduced loading due to
sweep twist.

Material selection and tooling fabrication were completed in
2006.

KCWG named this “Sweep Twist Adaptive Rotor™ blade STAR".

Prototype manufacturing showed STAR" can be produced
utilizing current manufacturing techniques.

Laboratory and field testing confirmed model predictions.

Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é
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Test Results

The static test at KCWG validated model
predictions for deflection, twist, frequency, and
stress.

The STAR Blade" fatigue test at NREL verified a
design life of 20 years under IEC design loads.

The field test was conducted in a commercial
wind site and STAR" increased production by 10-
12% over a two month test period.

The STAR Blade™ had a design load envelope that
was equivalent to the baseline blades.

Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é



_{;// ‘

e LA AN e

STAR® Value on 2.5 MW Turbine

NPV 1% increase in energy production =$30,000.
STAR® blades could increase production by 10%.
NPV increase of $300,000.

Standard blade price $340,000/set.

STAR® blade price +10% or $374,000/set.

NPV of $300,000 realized by $34,000 increase cost

(12%).

$34,000 blade cost increase is less than 1% of the total
turbine cost.

Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é@)
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Production Increase Potential

2010 nearly 10,000mw Wind power installed.

Annual production of 10,00omw at 35% capacity =
30,600,000 mw hours.

At $somwh production value is $1,500,000,000.

STAR® blades would enable the same turbines to
produce $150m more annually.

Additional blade cost returned in additional energy
produced in one year.

Over a 20 year life the blades pay for themselves 20
times.

Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é@)
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KCWG Patent Applications

KCWG has applied for 5 patents.

Ideas for patents derived through design
and fabrication of the STAR" blades.

The patents provide solutions to difficult
design & manufacturing issues.

All patents applicable to swept blades, and
one has universal applications to all wind

blades.

Safety - Professconaliom - Experience - Craftomanstict - Value - Tutegrity /é



A Low Wind Blows Fair as Knight & Carver

Shipyard Sails Into Wind Turbine Business

July 22, 2009

By Bruce V. Bigelow

Bay, where it continues to build and repair large boats, specializing in custom-built yachts and
commercial passenger vessels. Because so many boat hulls are made of fiberglass, the National
City, CA-based boatyard also has worked extensively with fiberglass composites.

The Knight & Carver Yacht Center was founded in 1971 along the southeastern shore of San Diego

Soit was smart, really, when a wind turbine operator called the shipyard roughly 12 years ago to ask if
Knight & Carver could repair a broken turbine blade. Figuratively speaking, the yard boss said, “Sure,
we'll give it a whirl.”

Today the Knight & Carver Wind Group operates as a separate company—a spinout, so to speak—with

“‘We’re seeing a minimum of 8 percent improvement over
exactly the same turbines in exactly ...the same place,”
Brown says. “So we think we have a really good design
that we're ready to commercialize.”

mmmmmm The wind group develops prototype turbine ®
b ik nean s draclisms W,mmm&%@br@%ﬁwl&dﬁw /é
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Why We Support the Clean Energy Bill:

Jobs, Jobs, Jobs

By Sampson A. Brown, President/CEQ
Knight & Carver Wind Group

We're pleasedto join Sen. Tim Johnson in his recent support of the Clean Energy Bill.

Thankfully, he realizes this is a time for decisive action, not for maintaining the status quo.
South Dakotans will surely benefit from his foresight and leadership in Washington on this
issue.

As the President/CEQ of Knight & Carver Wind Group, with a full-scale, state-of-the-art blade
manufacturing and service facility in Howard, we could easily double, even triple our
employment to keep up with the increased demand that would result from transitioningto a
clean energy economy.

Federal clean energy and climate legislation would put the United States on track to be a
leader in clean energy technology, allowing us to catch up to the growing interestin clean
energy technology by other economic competitors.

We need Washington to provide the framework that will move our nation
forward to a cleaner, more energy efficient future, and comprehensive
clean energy and climate legislation could provide that roadmap.

We want Knight & Carver, our 60 employees, the people of South Dakota and Americato
prosper from a robust new frontier in our nation’s economy as the United States reaches for the

skleggi Pﬁpeswm%era %ﬁgn e!ggrlc&%m%mr%%@tm 2; 2 /é
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Energy bill would create 5,000 jobs

By The Associated Press

September23d, 2009

HUEON {AP) - Transitioning to a clean energy economy with passage of an energy bill pending in the Senate
would create 3 000 South Dakota jobs, break the nation's dependence on oil andhelp solve the climate cnsis, the
state director of Eepower South Dakota said Wedneszday.

Wind turbine blade manufacturer Knight & Carverin Howard standsto double or triple its current 60-employee
base should the measure pass.

Students are being tumed away from energy-related courses offered by technical mstitutes in Watertowm and
Mitchell becauze they fill up zo quickly. Graduatesnot only canremainin the state but eam excellent salares.

Matt McGovem of Eepower South Dakotaled a news conference in conjunction with a national effort to educate

the public about the climate changelegislation. A final nationwide Madein Amerca jobstour was Wednesdayin
Pittsburgh.

Anmistana College econormist Eevnold Nesiba cited findings from a University ofhMasszachusetts study indicating
South Dakota could gain up to 3,000 clean energy jobs.

"These are the kind ofjobs that would not be easily exportable," he said.

"Thizis the sort ofthing that would boost our economic growth. South Dakota would be one of the big winners in
thiz legizlation," Mesiba =aid.

Not everyone agrees.

South Dakota Fanm Bureau Admimstrative Director Milce Held of Huron said the legislation will have devastating
effects on family fanms and agricultural production because ofnsing input costs.

Offzetzmay help some fanmers with energy-related costs, butit will depend on where the producer iz located. "ot
every fammerlives in aregion where wind turbines are an option. Mot every fanmer cantake advantage of no-till.

Andnot every fanmerhastheland to set aside to planttrees," said Bob Stallman president ofthe American Fanm
Bureau.

The House version passed by a seven-vote margin, with eight Eepublicans supporting it. But the Senate version
will likely be different.

At Dakotafest in Mitchell last month, Sen. John Thune, B-53.D., and Fep. Stephanie Herseth Sandlin, D-5D., =aid
in its current formthe climate change legislation that passed the House would hurt fanmers.

®
Do Vi ofiits ae Uni cua@a%mﬂamemh%%m%m@ /é
17 percent from 20035 levels bv 2020 and bv about 80 percent by mid-century.



SAN DIEGO BUSINESS JOURNAL s
Wind Turbine Sector Spinning Faster for National City Firm ===

PRIIE e oo September 28, 2009

By MIKE ALLEM, San Diego Business Journal

“Green shoots” are clearly evident at National City's Knight & Carver Wind Group, where
employment has jumped to 250 workers today from 30 in 2006, with 150 more on the payroll by the
end of next year.

The business, which began as a sideline refurbishing damaged blades forwind turbines generating
electric power, now surpasses the luxury yacht building business, which employs 125.

‘I think we made some good choices,” said Sam Brown, the chief executive who oversaw the shift
six years ago from luxury yacht manufacturing and repair.

From the late 1990s until 2002, Knight & Carver's business refurbishing the fiberglass blades was
sporadic. But as the number of turbines proliferated and more blades began failing, the business
increased.

The company did athorough study of its operations and found some activities were yielding profits
while others weren't.

Blade repair was clearly doing betterthan yacht repair, Brown said.

“We started trying to get more of that business,” said Brown, who joined the company in 2001, “It
was good, profitable work and fit within our core competencies.”

In 2003, Knight & Carver obtained a breakthrough contract from a large, unnamed multinational
corporation that propelled the business to the next level.

‘It was a big deal forus,” said Brown, who gave the contract amount as “multimillion” dollars.

The contract called for Knight & Carver to build 9-meter blades, which required the business to leamn
more about production and scale up.

Yacht Repair Sideline

By 2007, what was once a sideline to yacht repairs grew so large that Brown launched a separate

division.

Recently, the wind group took another step, working with the U5, Department of Energy to develop
a more efficient blade.

®
nder the $3 million project. a curved design allows the blade to genergte more pgwer without
Sagety - fecaii 2 mtrgaﬁmwwaﬂw = Ytue - Tutegnity




Obama pushes for 'green’ jobs

Airdate: March 9, 2008
Reporter: William La Jeunesse, EOX News

Video:
hitp:www fox11online.com/dpp/newsinat_fox_ca_green_jobs_200903110851_rev1

MNATIOMNAL CITY, Calif. — With the U.S._ bleeding jobs, President Barack Obamais
attempting to breathe life back into the American workforce through spending on green
power.

"l will invest $15 billion a year in renewable sources of energy to create 5 million new

jobs over the next decade," Obama said. "Jobs that pay well and.cant be outsourced.”

"The truth is, the manufacturing jobs can be outsourced and they have been
outsourced,” said Scott Paul of the Alliance for American Manufacturing.

While installation and maintenance of green power facilities and transmission lines are,
by nature, impossible to outsource, the reality is that wind power components are mostly
made in Europe while photovoltaic panels forthe solar industry are built in the
Philippines, Malaysia and China.

"Alot of these technologies were developed in the United States," Paul said. "They're
being deployed in the United States, but they're being made elsewhere"

U.5. manufacturers tried to insert a "buy American” clause into the stimulus bill to keep
more green energy jobs here, but failed.

One U.5. company that has jumped into renewable energy is Knight & Carver of San
Diego. Once a boat builder, the company began fabricating wind turbine blades 18
months ago. Since then, its workforce has grown from 5010 250 employees.

"There's no doubt in my mind that we will see more green jobs here, more manufacturing
jobs here," said Sam Brown of Knight & Carver. "All of the business fundamentals
mitigate in favor of that happening.”

But meeting the president's goal of & million new jobs will be difficult with 70-80 percent
of all wind and solar jobs in the manufacturing phase, not installation or operation.

Without a change in policy to get American manufacturers into the mix, billions of
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iNews Release =

For Immediate Release: June 30, 2009

KNIGHT & CARVER ENDORSES CLEAN ENERGY ACT
‘FIRST BIG STEP TOWARD ENDING AMERICA’S LONG DEPENDENCE ON FOREIGN OIL’

NATIONAL CITY, CALIFORNIA —Knight & Carver Wind Group salutes the U.S.
House of Representatives forlast week’s passage of the American Clean Energv and
Security Act of 2009.

Commonlyv known as the Clean Energyv Act (H E. 2454), the legislation promises to bring
significant progress to the nation’s energy needs, led by an increased commitment to the

renewable energv sources of wind and solar. The bill was passed June 26, on a vote of
219t0 212.

“Webelieve this bill represents the first big step toward ending America’s long
dependence on foreign oil.” said Knight & Carver president/CEO Sampson A. Brown.
“While not perfectin its current form, the Clean Energv Act provides a guiding light
toward the goal of reducing the nation’s carbon output. It also addresses concems of
global climate change and, most importantly, provides reachable goals forincreasing
renewable energv production for the future ™

Working closely with the American Wind Energy Association, the wind industry’s
leading trade group. Knight & Carver will continue to seek refinements and improvement
to the bill as it moves to the Senate for final consideration.

“Our industry needs the definitive road map to a cleaner, more energv-efficient future
that this bill provides.” added Brown. “We intend to take an_industrv leadership role in

that process.”

About Knight & Carver Wind Group:
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KNIGHT & CARVER WIND GROUP
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